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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to an analytical element, particularly, to an analytical element for analyzing 
specific components in a liquid sample, and, more particularly, to a dry analytical element for analyzing 
specific components in a biological liquid sample through a reduced type coenzyme. 

Analytical elements of various constitution have been known about dry analytical elements for analyzing 
specific components in a biological liquid sample. Among them, an analytical element utilizing a reaction 

w system In which a dye is formed by transferring a reduced type coenzyme produced under the participation 
of a dehydrogenase and an oxidized type coenzyme to a dye-forming precursor material through means of 
an electron transport agent, is disclosed in detail, for example, in Japanese Unexamined Patent Publications 
No. 88097/1984 and No. 91896/1984, and Japanese Unexamined Patent Publication No. 262660/1986. 

However, except for the analysis of lactate dehydrogenase and the analysis of a specific component by 

75 utilizing an oxidized type nicotinamide adenine dinucleotide phosphate (NAD P + ) as an oxidized type 
coenzyme, the analytical element disclosed in these publications may suffer an error due to the nonspecific 
reduction of lactate dehydrogenase (LDH) and an oxidized type nicotinamide adenine dinucleotide (NAD + ) 
originating from lactic acid present in a biological liquid sample, whereby the accuracy of analysis can be 
impaired, disadvantageously. 

20 EP 0 140 589, FR 2 026 692 and GB 2 269 080 are all concerned with "wet chemistry" analysis and 
are not con cerned with dry test strip assays. EP 0 140 589 is di rected to testing for D-3-hydroxybutyric 
acid and discloses, in an unspecified manner (claim 8), the possi bility of carrying reagents on a solid 
support. FR 2 026 692 and GB 2 269080 utilise lactate dehydrogenase as a reagent in the assay itself 
which must be added whereas the present invention is concerned with the inhibition of endogenous lactate 

25 dehydrogenase. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide, in an analytical element utilizing a reaction system in which a 
30 dye is formed by transferring a reduced type coenzyme produced under the participation of a de- 
hydrogenase and an oxidized type coenzyme to a dye-forming precursor material through means of an 
electron transport agent, an analytical element that can eliminate the error originating from LDH and lactic 
acid present in a biological liquid sample and has been improved in the accuracy of analysis. 

Summarizing the invention, this invention is an invention relating to an analytical element, and it is an 
35 analytical element for analyzing specific components in a liquid sample, comprising a light-transmissive and 
liquid-impermeable support having thereon a first reagent layer and a second reagent layer, and a porous 
spreading layer provided above said second layer, and containing an electron transport agent, a dye- 
forming precursor material, an oxidized type coenzyme, a buffering agent and a reagent capable of 
converting said oxidized type coenzyme to a reduced type coenzyme through a specific component in a 
40 liquid sample, wherein said oxidized type coenzyme is contained in said porous spreading layer, and an 
LHD inhibitor is contained in at least one of said second reagent layer and said porous spreading layer. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

45 This invention will be described below specifically. 

The electron transport agent according to this invention is reduced in the presence of a reduced type 
coenzyme produced by the reaction of at least one of reagents according to this invention with an oxidized 
type coenzyme, through a specific component in a biological liquid sample, and the electron transport agent 
thus reduced further reduces a dye-forming precursor material to form a dye showing absorption at a visible 

so region. 

The specific component in a liquid sample that can be assayed in this invention may include, for 
example, glutamate-oxaloacetate transaminase (GOT), glutamate-pyruvate transaminase (GPT), creatine 
phosphokinase (CPK), and triglyceride (TG). 

The reagents according to this invention may include an enzyme and, when necessary, a substrate. 
55 These reagents can be suitably selected depending on the specific components present in the 
biological liquid sample to be assayed, and include, for example, aspartic acid, a-ketoglutaric acid and 
glutamate dehydrogenase (GtDH) in the case when assaying GOT; alanine, a-ketoglutaric acid and 
glutamate dehydrogenase (GlDH) in the case of GPT; creatine, adenosine triphosphate (ATP), hexokinase 
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10 



(HK) and glucose-6-phosphate dehydrogenase (G-6-PDH) in the case of CPK; and lipoprotein lipase (LPL), 
glycerokinase (GK), glycerophosphate dehydrogenase (GPDH) and adenosine triphosphate (ATP), or LPL 
and glycerol dehydrogenase (GDH), in the case of TG. 

The oxidized type coenzyme according to this Invention refers to NAD + and NAD P + . The reduced type 
coenzyme refers to the reduced type of the above oxidized type coenzyme. The reduced type of NAD + is 
NADH, and that of NAD P + is NAD PH. In this invention, NAD + is particularly preferably used, which is 
therefore converted to NADH. NAD + can improve the sensitivity for analysis of the above specific 
components by incorporating it into the porous spreading layer according to this invention. 

In the following, shown are reaction schemes for the production of NADH by the reaction of at least one 
of the reagents according to this invention with NAD + through the specific components in a biological liquid 
sample according to this invention. 



15 



GOT: 



GOT 

Aspartic acid + a-Ketoglutaric acid > 

Oxaloacetic acid + Glutamic acid 



20 



25 



30 



GPT: 



Glutamic acid + NAD - 
acid + NADH + NH^ + H + 



GiDH 



•> a-Ketoglutaric 



GPT 



Alanine + a-Ketoglutaric acid > Pyruvic acid 

+ Glutamic acid GiDH 

Glutamic acid + NAD + > a -i 

+ NADH + NH 3 + H + 



-Ketoglutaric acid 



35 



40 



45 



50 



55 
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TG: 



CPK: CpK 

Creatine + ATP > Creatinephosphric acid + 

ADP HK 

Glucose + ATP > ADP + Glucose-6-phosphoric 

acid 

G-6-PDH 

Glucose -6-phosphoric acid + NAD > 

6-phosphogluconic acid + NADH 

LPL 

TG > Glycerol + Aliphatic acid 

GK 

Glycerol + ATP > Glycerol-l-phosphoric acid 

+ ADP . GPDH 
Glycerol-l-phosphoric acid + NAD > 

LPL 

dihydroxyacetonephosphoric acid + NADH or TG > 

Glycerol + Aliphatic acid 

GDH 

Glycerol + NAD > Dihydroxyacetone + NADH 

The electron transport agent used in this invention may include N-methylphenadine methosulfates (for 
example, N-methylphenadine methosulfate, 1-methoxy-N-methylphenadine methosulfate, etc.), Meldra's 
Blue, Methylene Blue, and diaphorase. Preferable electron transport agent includes N-methylphenadine 
methosulfate and diaphorase. 

On the other hand, as the dye-forming precursor material according to this invention, tetrazolium salts 
are usually used. Most of the terazolium salts used in this invention may become only slightly soluble or 
insoluble in water after formation of a dye and can usually be used in a wet chemistry method only with 
difficulty, but, since the dye to be formed is diffusion-resistant, can be preferably used in view of its ability 
to prevent undesired ringing and improve the determinativeness of measurement. 

The above tetrazolium salts regarded as being useful in this invention may include, for example, 3,3'- 
(3,3'-dimethoxy-4,4'-biphenylene)-bis[2-(p-nitrophenyl)-5-phenyltetrazolium chloride], 3,3'-(3,3'-dimethoxy- 
4,4'-biphenylene)-bis[2,5-diphenyltetrazolium chloride), S^'^'-dimethyl^-thiazolyl^^-diphenyltetrazolium 
bromide], 3-(p-iodophenyl)-2-(p-nitrophenyl)-5-phenyltetrazolium chloride, 2,2' ,5,5' -tetra-(p-nitrophenyl)-3,3' - 
(3,3'-dimethoxy-4,4'-biphenylene)ditetrazolium chloride, 2,3,5-triphenyltetrazolium chloride, 3,3'-(3,3'- 
dimethoxy-4,4'-biphenylene)-bis[2,5-bis(p-nitrophenyl)tetrazolium chloride], and 3,3'-(4,4'-biphenylene)-bis- 
[2,5-diphenyltetrazolium chloride]. 

Of the above tetrazolium salts, preferably used are 3,3'-(3,3'-dimethoxy-4,4 / -biphenylene)-bis[2-(p- 
nitrophenyl)-5-phenyltetrazolium chloride] and 3,3'-(4,4'-biphenylene)-bis[2,5-diphenyltetrazolium chloride], 
and these are preferably contained in the first reagent layer according to this invention. 

The buffering agent used in this invention can be suitably selected depending on an optimum pH in the 
above reaction. For example, preferably used are tris buffering agents [those known as combinations of tris- 
(hydroxymethyl)aminomethane with tris(hydroxymethyl)aminomethane hydrochloride], buffers known as 
Good's buffering agents, carbonate buffering agents, etc. 

The above buffering agent is contained preferably in a layer other than the layer containing the above 
dye-forming precursor material. Needless to say, laminations are formed in the state that the buffering 
agent and the dye-forming precursor material are not mixed at the time of production and at the time of the 
application of a sample. For this reason, the above buffering agents is preferably dispersed in a binder, and 
is preferably contained in the second reagent layer according to this invention. 

The LDH inhibitor according to this invention refers to a substance capable of inhibiting the activity of 
LDH, and, as this LDH inhibitor, there can be used oxalic acid and a salt thereof, pyruvic acid and a salt 
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thereof, a malonic acid and a salt thereof, oxamic acid and a salt thereof, tartronic acid and a salt thereof, 
ethylenediaminetetraacetic acid and a salt thereof, iodoacetamide, 2,4-dinitrofluorobenzene, mercuric (II) p- 
chlorobenzoate, an iodide, a silver salt, and a mercuric salt. Preferable LDH inhibitor may include oxalic 
acid and a salt thereof, pyruvic acid and a salt thereof, oxamic acid and a salt thereof, tartronic acid and a 
5 salt thereof, and iodocetamide. 

The above LDH inhibitor may be contained in at least one of the second reagent layer and the porous 
spreading layer of this invention, whereby the effect of this invention can be made particularly great. 

Important are the properties of the binders which constitute the first reagent layer and the second 
reagent layer according to this invention. The binder for the second reagent layer is contained preferably by 
10 using a solvent showing insolubility to the binder in the first reagent layer to form the lamination. In other 
words, preferable combination of the binders is such that a solvent for the binder in the second reagent 
layer does not dissolve the binder in the first reagent layer. For example, preferable combination of the 
binder is such that the binder for the first reagent layer is a water soluble polymer and the binder for the 
second reagent layer is a hydrophilic polymer simultaneously having solubility in an organic solvent. 
15 The binder for the formation of the first reagent layer according to this invention may include gelatin, 
gelatin derivatives such as phthalated gelatin, water-soluble cellulose derivatives such as hydroxyethyl 
cellulose and sodium carboxymethylcellulose, polyvinyl alcohols, polyacrylamides, polymethacrylamides, 
poly(mono- or dialkyl substituted) acrylamides, poly(mono- or dialkyl substituted) methacrylamides, and 
water-soluble copolymers of these. Preferably used are gelatin and derivatives thereof. 
20 The binder for the formation of the second reagent layer of this invention may include poly(N- 
vinylpyrrolidone), poly(N-vinylimidazole), poly(N-vinyltriazole), and derivatives of these or copolymers of 
these, cellulose derivatives such as ethyl cellulose and methyl cellulose, copolymers disclosed in Japanese 
Unexamined Patent Publication No. 262660/1986. These copolymers are chiefly macromolecules which are 
soluble in alcohols such as ethanol, propanol and butanol, and also hydrophilic. Preferably used are the 
25 copolymers disclosed in the Japanese Unexamined Patent Publication no. 262660/1986. 

The electron transfer agent and other various reagents according to this invention may be contained in 
any of the first reagent layer, the second reagent layer and the porous spreading layer. 

The electron transport agent used in this invention may be contained in the analytical element in an 
amount that may vary depending on the amount of the above-mentioned specific components to be 
30 assayed, and in an amount of usually 1 mg/m 2 to 1 g/m 2 , preferably 10 to 500 mg/m 2 , except the case 
when using diaphorase. 

When diaphorase is used as the electron transport agent, it is contained in an amount that varies not 
only depending on the amount of the above specific components but also depending on the origin of 
diaphorase and the manner by which the activity values are measured. It may be contained in an amount of 

35 usually 100 U/m 2 to 100,000 U/m 2 , preferably 500 to 50,000 U/m 2 . 

Also, the color forming precursor material according to this invention may be contained in the analytical 
element of this invention in an amount of usually 10 mg/m 2 to 10 g/m 2 , preferably 50 mg/m 2 to 3 g/m 2 . 
Further, the oxidized type coenzyme according to this invention may be contained in the analytical element 
of this invention in an amount of usually 10 mg/m 2 to 50 g/m 2 , preferably 50 mg/m 2 to 10 g/m 2 . 

40 The LDH inhibitor according to this invention may be contained in the analytical element of this 
invention in an amount of usually 5 mg/m 2 to 50 g/m 2 , preferably 30 mg/m 2 to 10 g/m 2 . 

The above described liquid-impermeable and light-transmissive support according to this invention 
(hereinafter simply called "the support of this invention") may be any kind of supports so far as they are 
. liquid-impermeable and light-transmissive, and suited for this use purpose are, for example, various 

45 polymeric materials such as cellulose acetate, polyethylene terephthalate, polycarbonate and polystyrene. 
Besides, not only such polymeric materials, it is also possible to use inorganic materials such as glass. The 
support of this invention may have a thickness freely determined, but preferably a thickness of 50 to 250 
urn. One side face corresponding to an observation side of the support of this invention can be worked as 
desired according to what the analytical element is used for. When necessary, a light-transmissive subbing 

50 layer can be also provided on the side face of the support on which the reagent layers are laminated, to 
improve the adhesion between the reagent layer and the support. 

The porous spreading layer according to this invention has a function (i) to distribute a prescribed 
volume of a liquid sample to a reagent layer in a uniform manner per unit area. Moreover, it should 
preferably has the function(s) disclosed in U.S. Patent No. 3,992,158, which is/are a function (ii) to remove 

55 substances or factors which may inhibit the analytical reaction in a liquid sample, and/or a function (iii) to 
effect a background action, thereby the measuring light which transmits the support is reflected when a 
spectral photometric analysis is carried out. Accordingly, the porous spreading layer according to this 
invention can be any of a layer having only the function (i) and a layer having the function(s) (ii) and/or (iii) 
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in addition to the function (i), or, alternatively, it is possible to use different layers for each function, wherein 
a plurality of the functions including the function (i) has been appropriately separated. It is also possible to 
use, among the functions (i), (ii) and (iii), a layer having certain two functions in combination with a layer 
having the remaining one function. For example, there may be included a spreading layer made of a non- 

5 fibrous porous medium called a blush polymer comprising titanium dioxide and cellulose diacetate, as 
disclosed in U.S. Patent No. 3,992,158 mentioned above; a spreading layer comprising woven fabric having 
been made hydrophilic, as disclosed in U.S. Patent No. 4,292,272; spreading layers having fibrous 
structure, as disclosed in U.S. Patent Nos. 4,594,224, and 4,427,632, or a filter paper; and a spreading layer 
having particulate link structure, as disclosed in U.S. Patent No. 4,430,436. In particular, the above 

10 spreading layers having fibrous structure and the spreading layer having particulate link structure are 
particularly useful as materials capable of quickly transporting blood cell portions also. The film thickness of 
the spreading layer in the analytical element of this invention should be determined depending on the 
porosity of the layer, but it may preferably be about 100 to 500 urn, more preferably about 150 to 350 urn. 
Also, the porosity may preferably be about 20 to 85 %. 

rs As other auxiliary additives, various additives such as preservatives and surface active agents can be 
optionally added. 

In particular, the surface active agent can be effectively used for controlling the penetration rate when a 
liquid sample is applied to the analytical element of this invention. 

As the surface active agents, although they can be used whether they are ionic (anionic or cationic) or 
20 nonionic, nonionic surface active agents can be used effectively. Examples of the nonionic surface active 
agents may include polyalkylene glycol derivatives of alkyl substituted phenols such as 2,5-di-t-butyl- 
phenoxy polyethylene glycol, p-octylphenoxy polyethylene glycol and p-isononylphenoxy polyethylene 
glycol; polyalkylene glycol esters of higher aliphatic acids; etc. These surface active agents have an effect 
to control the rate of impregnation of a liquid sample to a reagent layer or layers, and simultaneously to 
25 suppress the occurrence of undesirable "chromatography phenomenon". 

The above surface active agent can be used in an amount selected from a wide range, and may be 
used in an amount of 25 to 0.005 % by weight, preferably 15 to 0.05 % by weight, based on the amount of 
a coating solution. 

The analytical element of this invention can be made to have the desired structure fitted for the purpose 
30 of this invention, by optionally using in combination, for example, a reflection layer and a subbing layer as 
disclosed in U.S. Patent No. 3,992,1458, a radiation blocking layer as disclosed in U.S. Patent No. 
4,042,335, a barrier layer as disclosed in U.S. Patent No. 4,066,403, a migration blocking layer as disclosed 
in U.S. No. 4,166,093, a scavenger layer as disclosed in U.S. Patent No. 4,258,001, and a rupturable pod- 
like member as disclosed in U.S. Patent No. 4,110,079. 
35 These various layers in the analytical element can be successively laminated on the support according 
to this invention in the desired constitution to provide layers having desired thickness, by suitably selecting 
and using a slide hopper coating method, an extrusion coating method, a dip coating method, etc. which 
have been conventionally known in the technical field of photography. 

By use of the analytical element of this invention, quantity of specific components in a liquid sample 
40 can be measured according to an initial velocity method or a reaction end point method by using a 
reflection spectrophotometry from the side of the support of this invention. Measured values thus obtained 
may be adapted to analytical curves prepared in advance, to determine the quantity of specific compo- 
nents. 

The quantity of the liquid sample to be applied to the analytical element of this invention can be 
45 selected as desired, but it is preferably about 5 ul to about 50 ul, more preferably 5 ul to 20 ul. In ordinary 
cases, it is preferred to apply 10 ul of the liquid sample. 

The analytical element of this invention can be used without any inconveniences for analyses of any of 
whole blood, serum and plasma. It can be also used without any inconveniences, for analyses of other body 
fluids such as urine, lymph, cerebrospinal fluid, etc. When the whole blood is used, the above radiation 
so blocking layer or other reflection layer may be provided as necessary in order to prevent the radiation used 
for detection from being blocked by blood cells. 

This invention will be described below in greater detail by making reference to Examples, but by no 
means limited to these Examples. 

55 Example 1 (Analytical elements for GOT) 

The first reagent layer comprising the following formulation were provided on transparent polyethylene 
terephthalate supports of 180 urn thick, provided with a subbing layer. 
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First reagent layer (R-1-1): 



Gelatin 


21.0 g/m 2 


Glutamate dehydrogenase 


42,000 U/m 2 


Diaphorase 


2,100 U/m 2 


3,3'-(4,4 , -Biphenylene)-bis(2,5-dipheny!tetrazolium chloride) 


1.0 g/m 2 


Triton X-100® (Rohm & Hass Co.) 


2.1 g/m 2 


1 ,2-Bis(vinylsulfonyl)ethane 


0.15 g/m 2 



On the above first reagent layers, the second reagent layers and the spreading layers shown in the 
following tables were successively provided to produce analytical elements-1 to 3 of this invention and a 
comparative analytical elemenM as shown in Table 1. 

Second reagent layer (R-2): 





R-2-1 


R-2-2 


Tris(hydroxymethyl)aminomethane (g/m 2 ) 


5.70 


5.70 


Tris(hydroxymethyl)aminomethane hydrochloride (g/m 2 ) 


1.22 


1.22 


Disodium oxalate (g/m 2 ) 




0.3 


Luviskol VA-28" 1) (g/m 2 ) 


2.0 


2.0 


Triton X-100® (g/m 2 ) 


0.5 


0.5 



*1): Trade name owned by BASF Corp.; N-vinyl pyrrolidone/vinyl acetate copolymer (molar ratio: 
20:80) 

* The above second layers were coated by direct dispersion using a sand grinder, with use of n-butanol 
as a solvent. 
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Spreading layer (S): 



S-l S-2 S-3 S-4 



Powdery filter paper (g/m 2 ) 91 91 91 91 

(Toyo Roshi K.K.; 40-100 mesh) 
Monosodium aspartate (g/m 2 ) 4.1 4.1 4.1 4.1 



ot-Ketoglutaric acid (g/m 2 ) 0.5 0.5 0 .5 0.5 

NAD+ (g/m 2 ) 5.5 5.5 5.5 5.5 

Oxalic acid-2H 2 0 (g/m 2 ) - 0.2 0.4 

Potassium oxamate (g/m 2 ) - - - 0 # 8 

Styrene/glycidyl methacrylate 

copolymer (weight ratio: 9:1) 22 22 22 22 

® (g/m2> 

Triton X-100 (g/m 2 ) 9 9 9 9 

* Coated using a xylene solvent. 

* Monosodium aspartate, NAD + and potassium 
oxamate were added separately by direct dispersion 
using a sand grinder, with use of xylene as a 
solvent. 

* a-Ketoglutaric acid and oxalic acid»2H 2 o were 
added after having been dissolved in methanol. 



Table 1 



Analytical element number 


1st Reagent layer 


2nd Reagent layer 


Spreading layer 


Analytical element-1 of the invention 


R-1-1 


R-2-1 


S-3 


Analytical element-2 of the invention 


R-1-1 


R-2-2 


S-2 


Analytical element-3 of the invention 


R-1-1 


R-2-1 


S-4 


Comparative analytical element-1 


R-1-1 


R-2-1 


S-1 



With respect to the above analytical elements-1 to 3 of the invention and comparative analytical 
element-1, 10 ul each of pool serums obtained by adding 0, 10, 20 and 30 mg/dl of lithium lactate, 
respectively, to (i) dialyzed pool serums (GOT: 25 K-U; LDH: 250 W-U), (ii) pool serums to which GOT 
(Sigma Co.; porcine heart) was added (GOT: 90K-U; LDH: 250 W-U), and (iii) pool serums obtained by 
adding LDH (Sigma Co.; rabbit muscle) to the above respective pool serums (i) and (ii) (GOT: 25 K-U; LDH: 
730 W-U, and GOT: 90 K-U; LDH: 730 W-U) were dropwise applied on each of the spreading layers, 
followed by incubation at 37 °C, and the reflection density at 7 minutes and 11 minutes after the dropwise 
application was measured using a reflection spectrophotometer through a filter of 546 nm to determine the 
difference between the respective reflection density, whereupon the results as shown in Table 2 were 
obtained. 
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As is apparent from the results shown in Table 2, it is seen that the comparative analytical element- 1 
containing no. LDH inhibitor is greatly subject to the influence of LDH and lactic acid, but, in contrast 
thereto, the analytical elements-1 to 3 of this invention containing the LDH inhibitor (oxalic acid or a salt 
thereof, oxamate) are little subject to the same influence to have improved in the accuracy of analysis. 
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Example 2 (Analytical elements for GOT) 

The first reagent layers comprising the following formulation were provided on transparent polyethylene 
terephthalate supports of 180 urn thick, provided with a subbing layer, similarly as in Example 1. 

First reagent layer (R-1-1): 



Gelatin 


21.0 g/m 2 


Glutamate dehydrogenase 


42,000 U/m 2 


Diaphorase 


2,100 U/m 2 


3,3 , -(4,4 , -Biphenylene)-bis(2,5-diphenyltetrazolium chloride) 


1.0 g/m 2 


Triton X-100® (Rohm & Hass Co.) 


2.1 g/m 2 


1 ,2-Bis(vinylsulfonyl)ethane 


0.15 g/m 2 



On the above first reagent layers, the second reagent layers and the spreading layers shown in the 
following tables were successively provided to produce analytical elements-4 and 5 of this invention and a 



R-2-1 R-2-2 ' 
5.70 5.70 

1-22 1.22 



0.7 

2.0 2.0 
0.5 0.5 

*1) : Trade name owned by BASF Corp.; N-vinyl 
pyrrolidone/vinyl acetate copolymer (molar ratio: 
20:80) 

* The above second layers were coated by direct 
dispersion using a sand grinder, with use of 
n-butanol as a solvent. 



comparative analytical element-2 as shown in Table 3. 
Second reagent layer (R-2): 

Tris(hydroxymethyl)aminomethane 

(g/m 2 ) 

Tris(hydroxymethyl)aminomethane 
hydrochloride (g/m 2 ) 



Sodium pyruvate (g/m 2 ) 
Luviskol VA-2 8* L) (g/m 2 ) 
Triton X-100 ® (g/m 2 ) 
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Spreading layer (S): 



5 




S-1 


S-2* 


S-3' 


S-4 




Powdery filter paper (g/m 2 ) (Toyo Roshi K.K.; 40-100 mesh) 


91 


91 


91 


91 




Monosodium aspartate (g/m 2 ) 


4.1 


4.1 


4.1 


4.1 




a-Ketoglutaric acid (g/m 2 ) 


0.5 


0.5 


0.5 


0.5 




NAD + (g/m 2 ) 


5.5 


5.5 


5.5 


5.5 


10 


Sodium pyruvate (g/m 2 ) 




0.5 


1.0 






Potassium oxamate (g/m 2 ) 








0.8 




Styrene/glycidyl methacrylate copolymer (weight ratio: 9:1) (g/m 2 ) . 


22 


22 


22 


22 




Triton X-1 00® (g/m 2 ) 


9 


9 


9 


9 


15 


* Coated using a xylene solvent. 

* Monosodium aspartate, NAD + and potassium oxamate were added separately by direct dispersion using 
a sand grinder, with use of xylene as a solvent. 

* a-Ketoglutaric acid and sodium pyruvate were added after having been dissolved in methanol. 
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Table 3 



Analytical element number 


1st Reagent layer 


2nd Reagent layer 


Spreading layer 


Analytical element-4 of the invention 


R-1-1 


R-2-1 


S-3' 


Analytical element-5 of the invention 


R-1-1 


R-2-2' 


S-2' 


Comparative analytical element-2 


R-1-1 


R-2-1 


S-1 



3 0 With respect to the above analytical elements-4 and 5 of the invention and comparative analytical 
element-2 t 10 nl each of pool serums obtained by adding 0, 10 and 20 mg/dl of alanine, respectively, to (i) 
dialyzed pool serums (GOT: 30 K-U; GPT: 25 K-U), (ii) pool serums to which GPT (Sigma Co.; porcine 
heart) was added (GOT: 30K-U; GPT: 95 K-U), and (iii) pool serums obtained by adding GOT (Sigma Co.; 
porcine heart) to the above respective pool serums (i) and (ii) (GOT: 100 K-U; GPT: 25 K-U, and GOT: 100 

35 K-U; GPT: 95 W-U) were dropwise applied on each of the spreading layers, followed by incubation at 37 °C, 
and the reflection density at 7 minutes and 1 1 minutes after the dropwise application was measured using a 
reflection spectrophotometer through a filter of 546 nm to determine the difference between the respective 
reflection density, whereupon the results as shown in Table 4 were obtained. 

40 



45 



50 
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As is apparent from the results shown in Table 4, it is seen that the comparative analytical element-2 
containing no sodium pyruvate is greatly subject to the influence of GPT and alanine as well as that of LDH 
55 and lactic acid, but in contrast thereto, the analytical elements-4 and 5 of this invention containing sodium 
pyruvate are little subject to the same influence to have improved in the accuracy of analysis, and that 
pyruvic acid or a salt thereof as a LDH inhibitor also plays a role of GPT inhibitor in the case when assaying 
GOT. 
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Example 3 (analytical elements for GPT) 

The first reagent layers comprising the following formulation were provided on transparent polyethylene 
terephthalate supports of 180 urn thick, provided with a subbing layer. 

First reagent layer (R-1-2): 



Gelatin 


21.0 g/m 2 


Glutamate dehydrogenase 


21,000 U/m 2 


Diaphorase 


2,100 U/m 2 


3,3'-(4,4'-Biphenylene)-bis(2,5-diphenyltetrazolium chloride) 


1.0 g/m 2 


Triton X-100® (Rohm & Hass Co.) 


2.1 g/m 2 


1 ,2-Bis(vinylsulfonyl)ethane 


0.15 g/m 2 



On the above first reagent layers, the second reagent layers and the spreading layers shown in the 
following tables were successively provided to produce analytical elements-6 to 8 of this invention and a 
comparative analytical element-2 as shown in Table 5. 

Second reagent layer (R-2): 



Tris (hydroxymethyl)aminomethane 

(g/m 2 ) 

Tr i s ( hyd roxymethyl ) aminomethane 
hydrochloride ( g/m 2 ) 

Disodium oxalate (g/m 2 ) 
Luviskol VA-28 (g/m 2 ) 
Triton X-100 ® (g/m 2 ) 

* The above second layers were coated by direct 
dispersion using a sand grinder, with use of 
n-butanol as a solvent. 



R-2-3 4 



5.70 



5.70 



1.22 



1.22 



3.0 
0.5 



0.3 
3.0 
0.5 
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Spreading layer (S): 





S-5 


S-6 


S-7 


S-8 


Powdery filter paper (g/m 2 ) (Toyo Roshi K.K.; 40-100 mesh) 


91 


91 


91 


91 


Alanine (g/m 2 ) 


2.2 


2.2 


2.2 


2.2 


a-Ketoglutaric acid (g/m 2 ) 


0.25 


0.25 


0.25 


0.25 


NAD + (g/m 2 ) 


5.5 


5.5 


5.5 


5.5 


Oxalic acid«2H 2 0 (g/m 2 ) 




0.2 


0.4 




Potassium oxamate (g/m 2 ) 








0.8 


Styrene/glycidyl methacrylate copolymer (weight ratio: 9:1) (g/m 2 ) 


22 


22 


22 


22 


Triton X-1 00® (g/m 2 ) 


9 


9 


9 


9 


* Coated using a xylene solvent. 

* Alanine, NAD + and potassium oxamate were added separately by direct dispersion using a sand 
grinder, with use of xylene as a solvent. 

* a-Ketoglutaric acid and oxalic acid«2H 2 0 were added after having been dissolved in methanol. 
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Table 5 



Analytical element number 


1st Reagent layer 


2nd Reagent layer 


Spreading layer 


Analytical element-6 of the invention 


R-1-2 


R-2-3 


S-7 


Analytical element-7 of the invention 


R-1-2 


R-2-4 


S-6 


Analytical element-8 of the invention 


R-1-2 


R-2-3 


S-8 


Comparative analytical element-3 


R-1-2 


R-2-3 


S-5 



30 

With respect to the above analytical elements-6 to 8 of the invention and comparative analytical 
element-3, 10 ul each of pool serums obtained by adding 0, 10, 20 and 30 mg/dl of lithium lactate, 
respectively, to (i) dialyzed pool serums (GPT: 20 K-U; LDH: 250 W-U), (ii) pool serums to which GPT 
(Sigma Co.; porcine heart) was added (GPT: 80K-U; LDH: 250 W-U), and (iii) pool serums obtained by 

35 adding LDH (Sigma Co.; rabbit muscle) to the above respective pool serums (i) and (ii) (GPT: 20 K-U; LDH: 
730 W-U, and GPT: 80 K-U; LDH: 730 W-U) were dropwise applied on each of the spreading layers, 
followed by incubation at 37 *C, and the reflection density at 7 minutes and 11 minutes after the dropwise 
application was measured using a reflection spectrophotometer through a filter of 546 nm to determine the 
difference between the respective reflection density, whereupon the results as shown in Table 6 were 

4 0 obtained. 
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As is apparent from the results shown in Table 6, it is seen that the comparative analytical element-3 
containing no LDH inhibitor is greatly subject to the influence of LDH and lactic acid, but, in contrast 
thereto, the analytical elements-6 to 8 of this invention containing the LDH inhibitor (oxalic acid or a salt 
thereof, oxamate) are little subject to the same influence to have improved in the accuracy of analysis. 
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Example 4 (Analytical elements for TG) 

The first reagent layers comprising the following formulation were provided on transparent polyethylene 
terephthalate supports of 180 urn thick, provided with a subbing layer. 

First reagent layer (R-1 -3): 



Gelatin 


21.0 g/m 2 


Glycerol dehydrogenase 


5,000 U/m 2 


Diaphorase 


2,000 U/m 2 


3,3 , -(4 1 4'-Biphenylene)-bis(2,5-diphenyltetra2olium chloride) 


0.8 g/m 2 


Triton X-100® 


2.1 g/m 2 


1 ,2-Bis(vinylsulfonyl)ethane 


0.15 g/m 2 



On the above first reagent layers, the second reagent layers and the spreading layers shown in the 
following tables were successively provided to produce analytical elements-9 to 1 1 of this invention and a 
comparative analytical element-4 as shown in Table 7. 

Second reagent layer (R-2): 



R-2-5 R-2-6 

3-Cyclohexylaminopropane sulfonic acid 61 61 

(g/m 2 ) 

2 

Potassium carbonate* 3/2H 9 0 (g/m ) 1.8 1.8 



Sodium pyruvate (g/m 2 ) - 0.7 

Luviskol VA-2 8 (g/m 2 ) 4.5 4.5 

Triton X-100® (g/m 2 ) 0.5 0.5 



* The above second layers were coated by direct 
dispersion using a sand grinder, with use of 
n-butanol as a solvent. 
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Spreading layer (S): 



10 



15 





S-9 


S-10 


S-11 


S-12 


Powdery filter paper (g/m 2 ) (Toyo 


91 


91 


91 


91 


Roshi K.K.; 40-100 mesh) 










NAD + (g/m 2 ) 


3.1 


3.1 


3.1 


3.1 


Lipoprotein lipase (g/m 2 ) 


4000 


4000 


4000 


4000 


Lithium pyruvate (g/m 2 ) 




0.5 


1.0 




Oxalic acid*2H 2 0 (g/m 2 ) 








0.4 


Styrene/glycidyl methacrylate 


22 


22 


22 


22 


copolymer (weight ratio: 9:1) g/m 2 










Triton X-1 00® (g/m 2 ) 


9 


9 


9 


9 



20 



* Coated using a xylene solvent. 

* NAD + and lithium pyruvate were added separately by direct dispersion using a sand grinder, with use of 
xylene as a solvent. 

* Oxalic acid»2H 2 0 were added after having been dissolved in methanol. 

* Lipoprotein lipase used was obtained by dissolving and homogeneously stirring it together with bovine 
serum albumin, followed by freeze-drying to prepare freeze-dried lipoprotein lipase/bovine serum albumin 
powder, which was then sieved through a 200 mesh screen. 



Table 7 



Analytical element number 


1st Reagent layer 


2nd Reagent layer 


Spreading layer 


Analytical element-9 of the invention 


R-1-3 


R-2-5 


S-11 


Analytical element-10 of the invention 


R-1-3 


R-2-6 


S-10 


Analytical element-1 1 of the invention 


R-1-3 


R-2-5 


S-12 


Comparative analytical element-4 


R-1-3 


R-2-5 


S-9 



35 With respect to the above analytical elements-9 to 11 of the invention and comparative analytical 
element-4, 10 ul each of pool serums obtained by adding 0, 10, 20 and 30 mg/dl of lithium lactate, 
respectively, to (i) dialyzed pool serums (TG: 125 mg/dl; LDH: 250 W-U), (ii) pool serums to which LDH 
(Sigma Co.; rabbit muscle) was added (TG: 125 mg/dl; LDH: 730 W-U) were dropwise applied on each of 
the spreading layers, followed by incubation at 37 *C for 7 minutes, and the reflection density after that was 

AO measured using a reflection spectrophotometer through a filter of 546 nm to obtain the results shown in 
Table 8. 



45 



50 



55 
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As is apparent from the results shown in Table 8, it is seen that the comparative analytical element-4 
55 containing no LDH inhibitor is greatly subject to the influence of LDH and lactic acid, but, in contrast 
thereto, the analytical elements-9 to 1 1 of this invention containing the LDH inhibitor (lithium pyruvate, oxalic 
acid) are little subject to the same influence to have improved in the accuracy of analysis. 
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Similar to the above, with respect to the analytical elements-9 to 11 of the invention and the 
comparative analytical element-4, 100, 200 and 300 mg/dl of trigliceride standard serums prepared using 
lipid serum-l and II (produced by Eiken Kagaku K.K.) were dropwise applied on the spreading layers in 
amount of 10 ul, followed by incubation at 37 *C for 7 minutes, and the reflection density after that was 
5 measured using a reflection spectrophotometer through a filter of 546 nm. As a result, there was seen no 
difference in identification ability between these analytical elements. 

As described in detail in the foregoing, the analytical element of this invention can exhibit remarkable 
effects in that it has been made possible to carry out precise analysis without influence of LDH and lactic 
acid. 

70 

Claims 

1. An analytical element for analyzing a specific component selected from the group consisting of 
glutamate-oxaloacetat transaminase (GOT), glutamate-pyruvate transaminase (GPT), creatine 

75 phosphokinase (CPK) and triglyceride (TG), in a liquid sample, comprising a light-transmissive and 
liquid-impermeable support having thereon successively a first reagent layer and a second reagent 
layer, and a porous spreading layer provided above said second reagent layer, and containing an 
electron transport agent, a dye-forming precursor material, an oxidized type coenzyme, a buffering 
agent and at least one reagent capable of converting said oxidized type coenzyme to a reduced type 

20 coenzyme through a specific component in a liquid sample, wherein said oxidized type coenzyme is 
contained in said porous spreading layer, and a lactate dehydrogenase inhibitor is contained in said 
porous spreading layer. 

2. The analytical element according to Claim 1 , wherein said dye-forming precursor material is contained 
25 in the first reagent layer and said buffering agent is contained in the second reagent layer. 

3. The analytical element according to Claim 1 , wherein said oxidized type coenzyme is an oxidized type 
nicotinamide adenine dinucleotide. 

30 4. The analytical element according to Claim 1, wherein said lactate dehydrogenase inhibitor is selected 
from the group consisting of oxalic acid and a salt thereof, pyruvic acid and a salt thereof, a malonic 
acid and a salt thereof, oxamic acid and a salt thereof, tartronic acid and a salt thereof, 
ethylenediaminetetraacetic acid and a salt thereof, iodoacetamide, 2,4-dinitrofluorobenzene, mercuric 
(II) p-chlorobenzoate, an iodide, a silver salt, and a mercuric salt. 

35 

5. The analytical element according to Claim 1, wherein said electron transport agent is N-methyl- 
phenadine methosulfate, 1-methoxy-N-methylphenadine methosulfate, Meldra's Blue, Methylene Blue 
or diaphorase. 

40 6. The analytical element according to Claim 1, wherein said dye-forming precursor material is a 
tetrazolium salt. 

7. The analytical element according to Claim 6, wherein said tetrazolium salt is 3,3 , -(3,3'-dimethoxy-4,4'- 
biphenylene)-bis[2-(p-nitrophenyl)-5-phenyltetrazolium chloride], 3,3'-(3,3'-dimethoxy-4,4 , -biphenylene)- 

45 bis[2,5-diphenyltetrazolium chloride], 3-(4 , ,5 , -dimethyl-2-thiazolyl)-2,4-diphenyltetrazolium bromide], 3- 
(p-iodophenyl)-2-(p-nitrophenyl)-5-phenyltetrazolium chloride, 2,2 , -5,5 , -tetra-(p-nitrophenyl)-3,3 , -(3,3 , - 
dimethoxy-4,4'-biphenylene)ditetrazolium chloride, 2,3,5-triphenyltetrazolium chloride, 3,3 , -(3,3'- 
dimethoxy-4,4'-biphenylene)-bis-[2,5-bis(p-nitrophenyl)tetrazolium chloride] or S^M'-biphenylene)- 
bis[2,5-diphenyltetrazolium chloride]. 

50 

8. The analytical element according to Claim 1, wherein a binder which constitutes said first reagent layer 
is a water soluble polymer and a binder which constitutes said second reagent layer is a hydrophilic 
polymer simultaneously having solubility in an organic solvent. 

55 9. The analytical element according to Claim 1, wherein said electron transport agent is contained in said 
analytical element in an amount of 1 mg/m 2 to 1 g/m 2 , except for the case where diaphorase is used, 
and when diaphorase is used as the electron transport agent, it is contained in an amount of 100 U/m 2 
to 100,000 U/m 2 . 



19 



EP 0 239 990 B1 



10. The analytical element according to Claim 1, wherein said color forming precursor material is contained 
in said analytical element in an amount of 10 mg/m 2 to 10 g/m 2 . 

11. The analytical element according to Claim 1, wherein said oxidized type coenzyme is contained in said 
5 analytical element in an amount of 10 mg/m 2 to 50 g/m 2 . 

12. The analytical element according to Claim 1, wherein said LDH inhibitor is contained in said analytical 
element in an amount of 5 mg/m 2 to 50 g/m 2 . 

10 13. The analytical element according to Claim 1, wherein the film thickness of said spreading layer is 100 
to 500 urn. 

14. The analytical element according to Claim 1 wherein the porosity of said spreading layer is 20 to 85 %. 

75 15. An analytical element for analyzing glutamate-oxaloacetate transaminase (GOT) in a liquid sample, 
comprising a light-transmissive and liquid-impermeable support having thereon successively a first 
layer and a second layer, and a porous spreading layer provided above said second layer, each of said 
first and second layers containing a reactant which is separately selected from the group consisting an 
electron transport agent, a dye-forming precursor material, a buffering agent, aspartic acid, a- 

20 ketoglutaric acid and glutamate dehydrogenase (GIDH), with the totality of said reactants being present 
in said first, second and porous spreading layers and wherein said porous spreading layer further 
contains an oxidized type coenzyme and oxalic acid or a salt thereof in said porous spreading layer as 
a lactate dehydrogenase inhibitor. 

25 16. An analytical element as disclosed in claim 15 wherein said oxalic acid or said salt thereof is replaced 
by pyruvic acid or a salt thereof. 

17. An analytical element for analyzing glutamate-pyruvate transaminase (GPT) in a liquid sample, compris- 
ing a light-transmissive and liquid-impermeable support having thereon successively a first layer and a 

30 second layer, and a porous spreading layer provided above said second layer, each of said first and 
second layers containing a reactant which is separately selected from the groupf consisting en electron 
transport agent, a dye-forming precursor material, a buffering agent, alanine, a-ketoglutaric acid and 
. glutamate dehydrogenase (GIDH), with the totality of said reactants being present in said first, second 
and porous spreading layers and wherein said porous spreading layer further contains an oxidized type 

35 coenzyme and oxalic acid or a salt thereof in said porous spreading layer as a lactate dehydrogenase 
inhibitor. 

18. An analytical element for analyzing creatine phosphokinase (CPK) in a liquid sample, comprising a 
light-transmissive and liquid-impermeable support having thereon successively a first layer and a 

40 second layer, and a porous spreading layer provided above said second layer each of said first and 
second layers containing a reagent which is separately selected from the group consisting an electron 
transport agent, a dye-forming precursor material, a buffering agent, creatine, adenosine triphosphate 
(ATP), hexokinase (HK) and glucose-6-phosphate dehydrogenase (G-6-PDH), with the totality of said 
reactants being present in said first, second and porous spreading layers and wherein said porous 

45 spreading layer further contains an oxidized type coenzyme and oxalic acid, a salt thereof, pyruvic said 
or a salt thereof a a lactate dehydrogenase inhibitor. 

19. An analytical element for analyzing triglyceride (TG) in a liquid sample, comprising a light-transmissive 
and liquid-impermeable support having thereon successively a first layer and a second layer, and a 

so porous spreading layer provided above said second layer, each of said first and second layers 
containing a reagent which is separately selected from the group consisting an electron transport agent, 
a dye-forming precursor material, a buffering agent, lipoprotein lipase (LPL), glycerokinase (GK), 
adenosine triphosphate (ATP) and glycerophosphate dehydrogenase (GPDH), and a combination of 
lipoprotein lipase (LPL) and glycerol dehydrogenase (GDH), with the totality of said reactants being 

55 present in said first, second and porous spreading layers and wherein said porous spreading layer 
further contains an oxidized type coenzyme and oxalic acid, a salt thereof, pyruvic acid or a salt thereof 
as a lactate dehydrogenase inhibitor. 
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Patentanspriiche 

I. Analytisches Element zur Analyse einer speziellen Komponente, ausgewahlt aus der Gruppe Glutamat- 
. Oxaloacetattransaminase (GOT), Glutamat-Pyruvattransaminase (GPT), Creatinphosphokinase (CPK) 

5 und Trlglycerid (TG), in einer flussigen Probe, umfassend einen lichtdurchlassigen und flussigkeitsun- 
durchlSssigen Trager, auf den sukzessive eine erste Reagensschicht und eine zweite Reagensschicht 
aufgetragen sind und bei dem auf der zweiten Reagensschicht eine porose Verlaufschicht vorgesehen 
ist, und enthaltend ein Elektronentransportmittel, ein farbstoffbildendes Vorlaufermaterial, ein Coenzym 
vom oxidierten Typ, einen Puffer und mindestens ein Reagens mit der Fahigkeit zur Umwandlung des 

70 Coenzyms vom oxidierten Typ zu einem Coenzym vom reduzierten Typ mittels einer speziellen 
Komponente in einer flussigen Probe, wobei das Coenzym vom oxidierten Typ in der porosen 
Verlaufschicht enthalten ist und in der porosen Verlaufschicht ein Lactatdehydrogenaseinhibitor unter- 
gebracht ist. 

75 2. Analytisches Element nach Anspruch 1, wobei das farbstoffbildende Vorlaufermaterial in der ersten 
Reagensschicht und der Puffer in der zweiten Reagensschicht untergebracht sind. 

3. Analytisches Element nach Anspruch 1 , wobei das Coenzym vom oxidierten Typ aus einem Nicotinami- 
dadenindinucleotid vom oxidierten Typ besteht. 

20 

4. Analytisches Element nach Anspruch 1, wobei der Lactatdehydrogenaseinhibitor aus der Gruppe 
Oxalsaure und einem Salz derselben, Brenztraubensaure und einem Salz derselben, Malonsaure und 
einem Salz derselben, OxaminsSure und einem Salz derselben, TartronsSure und einem Salz dersel- 
ben, Ethylendiamintetraessigsaure und einem Salz derselben, Jodacetamid, 2,4-Dinitrofluorbenzol, 

25 Quecksilber(ll)-p-chlorbenzoat, einem Jodid, einem Silbersalz und einem Quecksilber(ll)-salz ausge- 
wahlt ist. 

5. Analytisches Element nach Anspruch 1 , wobei das Elektronentransportmittel aus N-Methylphenadinme- 
thosulfat, 1-Methoxy-N-methylphenadinmethosulfat, Meldrablau, Methylenblau Oder Diaphorase besteht. 

30 

6. Analytisches Element nach Anspruch 1, wobei das farbstoffbildende Vorlaufermaterial aus einem 
Tetrazoliumsalz besteht. 

7. Analytisches Element nach Anspruch 6, wobei das Tetrazoliumsalz aus 

35 3,3'-(3,3 , -Dimethoxy-4,4 , -biphenylen)-bis[2-(p-nitrophenyl)-5-phenyltetrazoliumchlorid], 3,3 , -(3,3'- 
Dimethoxy^^'-biphenylenJ-bis^^-diphenyltetrazolium-chlorid], S-t^.S'-Dimethyl^-thiazolyl)^^- 
diphenyltetrazoliumbromid],3-(p-Jodphenyl)-2-(p-nitrophenyl)-5-phenyltetrazoliumchlorid, 2,2 , -5,5'-Tetra- 
(p-nitrophenyO-S.S^tS.S'-dimethoxy^^'-biphenylenJditetrazoliumchlorid, 2,3,5-Triphenyltetrazoliumchlo- 
rid, 3,3'-(3,3 , -Dimethoxy-4,4'-biphenylen)-bis-[2,5-bis(p-nitrophenyl)tetrazoliumchlorid Oder 3,3 , -(4,4 , -Bi- 

40 phenylen)-bis[2,5-diphenyltetrazoliumchlorid] besteht. 

8. Analytisches Element nach Anspruch 1 , wobei ein die erste Reagensschicht bildendes Bindemittel aus 
einem wasserloslichen Polymer und ein die zweite Reagensschicht bildendes Bindemittel aus einem 
hydrophilen Polymer, das gleichzeitig in einem organischen Losungsmittel loslich ist, bestehen. 

45 

9. Analytisches Element nach Anspruch 1 , wobei das Elektronentransportmittel in dem analytischen 
Element in einer Menge von 1 mg/m 2 bis 1 g/m 2 , mit Ausnahme des Fades der Verwendung von 
Diaphorase, und bei Verwendung von Diaphorase als Elektronentransportmittel in einer Menge von 100 
U/m 2 bis 100.000 U/m 2 enthalten ist. 

50 

10. Analytisches Element nach Anspruch 1, wobei das eine Farbe bildende Vorlaufermaterial in dem 
analytischen Element in einer Menge von 10 mg/m 2 bis 10 g/m 2 enthalten ist. 

II. Analytisches Element nach Anspruch 1, wobei das Coenzym vom oxidierten Typ in dem analytischen 
55 Element in einer Menge von 10 mg/m 2 bis 50 g/m 2 enthalten ist. 

12. Analytisches Element nach Anspruch 1, wobei der LDH- Inhibitor in dem analytischen Element in einer 
Menge von 5 mg/m 2 bis 50 g/m 2 enthalten ist. 
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13. Analytisches Element nach Anspruch 1, wobei die Filmdicke der Verlaufschicht 100 bis 500 um 
betragt. 

14. Analytisches Element nach Anspruch 1, wobei die Porositat der Verlaufschicht 20 bis 85% betragt. 

5 

15. Analytisches Element zur Analyse von Glutamat-Oxaloacetattransaminase (GOT) in einer fIGssigen 
Probe, umfassend einen lichtdurchlassigen und flussigkeitsundurchlassigen Trager, auf den sukzessive 
eine erste Schicht und eine zweite Schicht aufgetragen und bei dem auf der zweiten Schicht eine 
porose Verlaufschicht vorgesehen sind, wobei jede der ersten und zweiten Schicht ein Reagens 

10 enthalt, das getrennt aus der Gruppe Elektronentransportmittel, farbstoffbildendes Vorlaufermaterial, 
Puffer, Asparaginsaure, a-Ketoglutarsaure und Glutamatdehydrogenase (GIDH) ausgewahlt ist, und die 
genannten Reagenzien insgesamt in der ersten, zweiten und porosen Verlaufschicht enthalten sind, die 
porose Verlaufschicht zusatzlich ein Coenzym vom oxidierten Typ enthalt und in der porosen 
Verlaufschicht als Lactatdehydrogenaseinhibitor Oxalsaure Oder ein Salz derselben untergebracht ist. 

15 

16. Analytisches Element nach Anspruch 15, wobei die Oxalsaure oder deren Salz durch Brenztraubensau- 
re oder ein Salz derselben ersetzt ist. 

17. Analytisches Element zur Analyse von Glutamat-Pyruvattransaminase (GPT) in einer flDssigen Probe, 
20 umfassend einen lichtdurchlassigen und flussigkeitsundurchlassigen Trager, auf den sukzessive eine 

erste Schicht und eine zweite Schicht aufgetragen und bei dem auf der zweiten Schicht eine porose 
Verlaufschicht vorgesehen sind, wobei jede der ersten und zweiten Schicht ein Reagens enthalt, das 
getrennt aus der Gruppe Elektronentransportmittel, farbstoffbildendes Vorlaufermaterial, Puffer, Alanin, 
a-Ketoglutarsaure und Glutamatdehydrogenase (GIDH) ausgewahlt ist, wobei die Reagenzien insgesamt 
25 in der ersten, zweiten und porosen Verlaufschicht enthalten sind, die porose Verlaufschicht zusatzlich 
ein Coenzym vom oxidierten Typ enthalt und in der porosen Verlaufschicht als Lactatdehydrogenasein- 
hibitor Oxalsaure oder ein Salz derselben untergebracht ist. 

> 

18. Analytisches Element zur Analyse von Creatinphosphokinase (CPK) in einer flussigen Probe, umfas- 
30 send einen lichtdurchlassigen und flussigkeitsundurchlassigen Trager, auf den sukzessive eine erste 

Schicht und eine zweite Schicht aufgetragen und bei dem auf der zweiten Schicht eine porose 
Verlaufschicht vorgesehen sind, wobei jede der ersten und zweiten Schicht ein Reagens enthalt, das 
getrennt aus der Gruppe Elektronentransportmittel, farbstoffbildendes Vorlaufermaterial, Puffer, Creatin, 
Adenosintriphosphat (ATP), Hexokinase (HK) und Glucose-6-phosphatdehydrogenase (G-6-PDH) ausge- 
35 wahlt ist, wobei die Reagenzien insgesamt in der ersten, zweiten und porosen Verlaufschicht enthalten 
sind und die porose Verlaufschicht zusatzlich ein Coenzym vom oxidierten Typ und als Lactatdehydro- 
genaseinhibitor Oxalsaure, ein Salz derselben, Brenztraubensaure oder ein Salz derselben enthalt. 

19. Analytisches Element zur Analyse von Triglycerid (TG) in einer flUssigen Probe, umfassend einen 
40 lichtdurchlassigen und flussigkeitsundurchlassigen Trager, auf den sukzessive eine erste Schicht und 

eine zweite Schicht aufgetragen und bei dem auf der zweiten Schicht eine porose Verlaufschicht 
vorgesehen sind, wobei jede der ersten und zweiten Schicht ein Reagens enthalt, das getrennt aus der 
Gruppe Elektronentransportmittel, farbstoffbildendes Vorlaufermaterial, Puffer, Lipoprotein lipase (LPL), 
Glycerokinase (GK), Adenosintriphosphat (ATP) und Glycerophosphatdehydrogenase (GPDH) und eine 
45 Kombination aus Lipoproteinlipase (LPL) und Glycerindehydrogenase (GDH) ausgewahlt ist, wobei die 
Reagenzien insgesamt in der ersten, zweiten und porosen Verlaufschicht enthalten sind und die porose 
Verlaufschicht zusatzlich ein Coenzym vom oxidierten Typ und als Lactatdehydrogenaseinhibitor 
Oxalsaure, ein Salz derselben, Brenztraubensaure oder ein Salz derselben enthalt. 

so Revendications 

1. Un §l6ment d'analyse pour analyser un constituant spScifique sglectionne* dans le groupe constitue* par 
la glitamate-oxaloacetate transaminase (GOT), la glutamate-pyruvate transaminase (GPT), la creatine 
phosphokinase (CPK) et le triglyceride (TG), dans un echantillon liquide, comportant un support 
55 transmettant la lumiere et impermeable aux liquides et portant successivement une premiere couche 
de rSactif et une seconde couche de r£actif, et une couche d'6talement poreuse prgvue sur ladite 
seconde couche de reactif, et contenant un agent de transport des electrons, une matiere precurseuse 
formant une teinture, et une coenzyme du type oxyde\ un agent tampon et au moins un reactif pouvant 
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convertir ladite coenxyme du type oxyd§ en une coenzyme du type reduit a travers un constituant 
specif ique dans un £chantillon liquide, dans lequel ladite coenzyme du type oxyde est contenue dans 
ladite couche d'dtalement poreuse, et un inhibiteur de lactate dehydrogenase est contenu dans ladite 
couche d'&alement poreuse. 

5 

2. L'6l6ment d'analyse selon la revendication 1, dans lequel ladite matfere prScurseuse formant une 
teinture est contenue dans la premiere couche de rSactif et ledit agent tampon est contenu dans la 
seconde couche de reactif . 

w 3. L'6l£ment d'analyse selon la revendication 1, dans lequel ladite coenzyme du type oxyd6 est une 
nicotinamide adenine dinucleotide du type oxyd6. 

4. L'element d'analyse selon la revendication 1, dans lequel ledit inhibiteur de lactate dehydrogenase est 
s6lectionne dans le groupe constitu£ par Pacide oxalique et un sel de celui-ci, I'acide pyruvique et un 
75 sel de celui-ci, un acide malonique et un sel de celui-ci, I'acide oxamique et un sel de celui-ci, I'acide 
tartronique et un sel de celui-ci, I'acide ethylenediamine-t6traac§tique et un sel de celui-ci, l'iodoac£ta- 
mide, le 2,4-dinitrofluorobenzene, le (II) p-chlorobenzoate mercurique, un iodure, un sel d'argent et un 
sel de mercure. 

20 5. L'element d'analyse selon la revendication 1 , dans lequel ledit agent de transport des electrons est du 
N-m6thylph6nadine m£thosulfate, du 1 -m6thoxy-N-m6thylph6nadine m&hosulfate, du bleu de Meldra, 
du bleu de methylene ou de la diaphorase. 

6. L'element d'analyse selon la revendication 1, dans lequel ladite matiere prdcurseuse formant une 
25 teinture est un sel de t&razolium. 

7. (.'element d'analyse selon la revendication 6, dans lequel ledit sel de t&razolium est S.S'-tS.S'- 
dim6thoxy-4,4'-biph6nyl6ne)-bis[2-(p-nitroph6nyl)-5-ph6nylt6trazolium chlorure] , du 3,3 f -(3,3'- 
dimethoxy-4,4'-biphenyl6ne)-bis [2,5-diphenyltetrazolium chlorure] , du 3-(4',5'-di methyl -2-thiazolyl)-2 ,4- 

30 diph^nyltStrazolium bromure] , du 3-(p-iodoph6nyl)-2-(p-nitroph^nyl)-5-ph6nylt6trazoHum chlorure, du 
2,2'-5,5'-tetra-(p-nitrophenyl)-3 1 3'-(3,3 , -dimethoxy-4,4' -biphenylene) dit&razolium chlorure, du 2,3,5- 
triph6nylt6trazolium chlorure, du 3-3'-(3,3'-dim6thoxy-4-4 , -biph§nyl§ne)-bis[2,5-bis(p-nitroph6nyl)- 
t£trazolium chlorure] ou du 3,3'-(4,4'-biphenylene)-bis [2,5-diphenyltetrazolium chlorure] . 

35 a L'el£ment d'analyse selon la revendication 1, dans lequel un liant qui constitue ladite premiere couche 
de reactif est un polymere soluble dans I'eau, et un liant qui constitue ladite seconde couche de reactif 
est un polymere hydrophile ayant simultanement une solubilite dans un solvant organique. 

9. L'element d'analyse selon la revendication 1, dans lequel ledit agent de transport d'electrons est 
40 contenu dans ledit element d'analyse suivant une quantity de 1 mg/m 2 a 1 g/m 2 , sauf dans le cas ou on 

utilise de la diaphorase, et, lorsque la diaphorase est utilis4e comme agent de transport des Electrons, 
elle est contenue suivant une quantity de 100 U/m 2 a 100.000 U/m 2 . 

10. L'element d'analyse selon la revendication 1, dans lequel ladite matiere precurseuse formant une 
45 teinture est contenue dans ledit 6\6men\ d'analyse suivant une quantity de 10 mg/m 2 a 10 g/m 2 . 

11. Lament d'analyse selon la revendication 1, dans lequel ladite coenzyme du type oxyde" est contenue 
dans ledit element d'analyse suivant une quantite de 10 mg/m 2 a 50 g/m 2 . 

50 12. L'element d'analyse selon la revendication 1, dans lequel ledit inhibiteur de LDH est contenu dans ledit 
element d'analyse suivant une quantity de 5 mg/m 2 a 50 g/m 2 . 

13. L'element d'analyse selon la revendication 1, dans lequel I'epaisseur de pellicule de ladite couche 
d'£talement est de 100 a 500 urn. 

55 

14. L'6l£ment d'analyse selon la revendication 1, dans lequel la porosite de ladite couche d'6talement est 
de 20 a 85 %. 
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15. Un element d'analyse pour analyser la glutamate-oxaloacetate transaminase (GOT) dans un echantillon 
liquide.comportant un support transmettant la lumiere et impermeable aux liquides et portant successi- 
vement une premiere couche et une seconde couche, et une couche d'etalement poreuse prevue sur 
ladite seconde couche, chacune desdites premiere et seconde couches contenant un r^actif qui est 

5 selection n6 separement dans le groupe comportant un agent de transport d'electrons, une matiere 
precurseuse formant une teinture, un agent tampon, I'acide aspartique, I'acide a-c£toglutarique et la 
glutamate dehydrogenase (GlDH), la totalite desdits reactifs etant presente dans lesdites premiere et 
seconde couches et dans ladite couche d'etalement poreuse, et dans lequel ladite couche d'etalement 
poreuse contient au surplus une coenzyme du type oxyde et de I'acide oxalique ou Tun de ses sels 

70 dans ladite couche d'etalement poreuse comme inhibiteur de lactate dehydrogenase. 

16. Un element d'analyse tel que decrit dans la revendication 15, dans lequel ledit acide oxalique ou led it 
sel de celui-ci est remplace par de I'acide pyruvique ou un sel de celui-ci. 

75 17. Un element d'analyse pour analyser la glutamate-pyruvate transaminase (GPT) dans un echantillon 
liquide, comportant un support transmettant la lumiere et impermeable aux liquides portant successive- 
ment une premiere couche et une seconde couche, et une couche d'etalement poreuse prevue sur 
ladite seconde couche, chacune desdites premiere et seconde couches contenant un reactif qui est 
seiectionne separement dans le groupe constitue par un agent de transport des electrons, une matiere 

20 precurseuse formant une teinture, un agent tampon, I'alaline, I'acide a-cetoglutarique et la glutamate 
dehydrogenase (GlDH), la totality desdits reactifs etant presente dans lesdites premiere et seconde 
couches et dans ladite couche d'etalement poreuse, et dans lequel ladite couche d'etalement poreuse 
comporte au surplus une coenzyme du type oxyde et de I'acide oxalique ou un sel de celui-ci dans 
ladite couche d'etalement poreuse comme inhibiteur de lactate dehydrogenase. 

25 

18. Un element d'analyse pour analyser la creatine phosphokinase (CPK) dans un echantillon liquide, 
comportant un support transmettant la lumiere et impermeable aux liquides portant successivement une 
premiere couche et une seconde couche, et une couche d'etalement poreuse prevue sur ladite 
seconde couche, chacune desdites premiere et seconde couches contenant un reactif qui est 

30 seiectionne separement dans le groupe constitue par un agent de transport des electrons, une mature 
precurseuse formant une teinture, un agent tampon, la creatine, I'adenosine triphosphate (ATP), 
I'hexokinase (HK) et la glucose -6-phosphate dehydrogenase (G-6-PDH), la totalite desdits reactifs etant 
presente dans ladite premiere et seconde couches et dans ladite couche d'etalement poreuse, et dans 
lequel ladite couche d'etalement poreuse comporte au surplus une coenzyme du type oxyde et I'acide 

35 oxalique, un sel de celui-ci, Pacide pyruvique ou un sel de celui-ci comme inhibiteur de I'actate 
dehydrogenase. 

19. Un element d'analyse pour analyser le triglyceride (TG) dans un echantillon liquide, comportant un 
support transmettant la lumiere et impermeable aux liquides portant successivement une premiere 

40 couche et une seconde couche, et une couche d'etalement poreuse prevue sur ladite seconde couche, 
chacune desdites premiere et seconde couches contenant un reactif qui est seiectionne separement 
dans le groupe constitue par un agent de transport des electrons, une matiere precurseuse formant une 
teinture, un agent tampon, de la Npoproteine lipase (LPL), de la glycerokinase (GK), de I'adenosine 
triphosphate (ATP) et de la glycerophosphate dehydrogenase (GPDH), et une combinaison de lipopro- 

45 teine lipase (LPL) et de la glycerol dehydrogenase (GDH), la totalite desdits reactifs etant presente 
dans lesdites premiere et seconde couches et dans ladite couche d'etalement poreuse, et dans lequel 
ladite couche d'etalement poreuse comporte au surplus une coenzyme du type oxyde et de I'acide 
oxalique, un sel de celui-ci, I'acide pyruvique ou un sel de celui-ci comme inhibiteur de lactate 
dehydrogenase. 

50 
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